Introduction
Molecular-sieving materials are useful for commercial separation as adsorbents. They are, at the sametime, quite attractive for basic studies, because they possess micropores of uniform size and allow a sharp separation of gases, vapors and liquid mixtures depending on the difference in molecular structures of adsorbates.
Amongmolecular-sieving materials, synthetic zeolite has been used for practical separation and many studies have been reported1)3).
Another molecular-sieving material, Molecular
Sieving Carbon4>10) seems to be useful. Kawazoeet al. reported gas-phase adsorption equilibria6) 8 ) and studied the rate of adsorption of gases7) on the abovementioned adsorbent pellets.
Since quantitative studies on liquid-phase adsorption by this adsorbent are meager, the present study Received October 14, 1976 . Correspondence concerning this article should be addressed to Y. Takeuchi. 268 was carried out to provide new data of non-aqueous binary liquid mixtures-Molecular Sieving Carbon systems together with a correlation of adsorption equilibria with the properties of adsorbates and the adsorbent.
Experimental Molecular Sieving Carbon pellets made by Takeda
Chemical Ind. Co., Ltd. were crushed and particles between 16 and 32 mesh sieves were taken. The particles (hereafter designated MSC)was washed with distilled water and dried in a nitrogen stream at 180°C. Properties of MSCare shown in Table 1 . Liquid mixtures were prepared by mixing two chemical reagents, each of which was selected from Groups 1 and 2. As shown in Table 2 , reagents which possess flat molecular shapes and are estimated to enter the micropores of MSC(believed to be 5A in width)
belong to Group 1, while Group 2 consists of reagents which are believed not to be accepted by the micropores.
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The purity of each reagent was of research grade and was determined to be free of impurities by gas 
where qx and q2 denote individual amounts adsorbed of first and second group components, respectively.
When qx and q2 are expressed by Freundlich isotherm, Eq. (1) can be rewritten as follows2},
where kl9 a, k2 and /3 are constant.
Using twenty data points (no(xo-x)/m vs. x) for each system, a trial and error calculation was per- The results are listed in Table 3 along with the variance for each system. Onecan expect that the constants are only pertinent to the corresponding components and that they will not change with the combination of the liquid mixtures. If this is true, one will obtain a consistent set of constants for the four systems listed in Table 3 . Calculations were carried out for the four systems simultaneously, until a and /3 became constant throughout all the systems and the same values of kx for the systems, in which the same reagents of first group component was used were obtained. same reagent was chosen became the same, as shown in Table 4 . Also shown in the table is the variance. It will be clear that accuracy of the values in Table 4 does not change much when compared with that based on the values in Table 3 . A comparison of observed and calculated values of composite isotherm is shown in Fig. 1 Table 3 b) based on the values listed in Table 4 Fig . 1 Comparison of observed and calculated composite isotherms in width, the adsorption of the second group component will take place only in the macropore spacing and/or surface*.
Considering the fact that the specific surface area ofmacropore ofMSCis less than 1 m2/g, based on the data by Kawazoeet aI.Q\ the amount adsorbed onto the macropore surface will be negligible compared with the amount which exists in the macropore spacing. In other words, q2=k2(l-x) is the amount of the second group component in the macropore spacing whenthe bulk phase composition of the component is (l-x). Therefore, k2 will be the same or at least proportional to the macroporevolumeof MSC. A comparison of k2a expressed in terms of m//g for several systems is shown in Table 5 . As can be seen, consistent but not constant vaules of k'2a were obtained.
This seems to be due to at least two reasons; first, the micropores of MSChave a distribution in width around 5A and adsorb a small amount of second group component and secondly, errors in the ob-* The data from the supplier10) show that about 0.02m//g of CC14and 0.04 m//g of cyclohexane will be adsorbed on MSC.
In binary adsorption, however, the first group component will be adsorbed on such larger micropores simultaneously and the amounts adsorbed of both components will be ascribed to qla and q2. Evaluation of the amount (q2) is appeared in Table 5 as g2ioo. 270 served values and in the computation makethe value q2, probably qx too, inaccurate at the extremes, x=0
and1.
Regarding ql9 one can consider that qx is the sum of the amount adsorbed on micropores (qu) and that on macropores (qla). In analogy to the second group component, qla will be expressed by a linear equation as follows, qia=kiax
Regarding adsorption of vapors of the first group components, for example toluene on MSC,it is known that the amount adsorbed increases rapidly with the increase of vapor pressure and tends to be almost constant over a wide range of vapor pressure5'n).
This constant amountadsorbed will correspond to the volume of micropores considered here.
Therefore, by analogy between the vapor-liquid and adsorbed phase equilibria, it is assumed that qu is almost constant (=qiioo) over a certain range of x.
Then, qi =quoo+klax (4) and
If the third term on the right hand side of Eq. (5) is small enough,-in fact, this is true for almost all the systems studied here,-a straight line can be drawn in the composite isotherms, and the extrapolation of the line to x=0 and 1 will give qlico and (kla~k2a), respectively.
Whenthe extrapolation was performed as shown in Fig. 2 , the intercept at x=l did not become zero for the systems in which cyclohexane was used, but was zero for the systems where carbon tetrachloride was used. This difference between second group components can be ascribed to the existence of micropores which are somewhat larger than 5 A; in other words, 0.02 m//g of difference in amount adsorbed on micropores is expected from the supplier's data between cyclohexane and carbon tetrachloride and this difference was determined as the difference between kla and k2a, at least in part. Therefore, this amount at x=l may be written q2iooi in analogy to qlioo. Now, substituting qlioo thus determined into Eq. (4) and letting x=l9 kla can be calculated.
For an arbitrary value of x, q± will be given by It may be concluded that the values of qlioo are almost equal to micropore volume as expected, while the values ofk'la and k2a change in a range 65 to 100% of macropore volume.
Prediction of Individual Isotherms for New First
GroupComponents Para-xylene and di-chloroethane were selected as the first group component while the second group component was set to be carbon tetrachloride and cyclohexane and measurements were carried out for the four combinations to obtain the composite isotherms. After performing the same computational work as described above, the values of parameters (constants in Eq. (2)) were determined, (see Table 5 and Fig. 3 )
From the extrapolation of composite isotherms to x=0, reasonable values of qu were obtained as shown in Table 5 .
Now,prediction of kx for the present systems is considered.
Assuming the molar volume of each component in adsorbed state is the same to that in bulk liquid phase and the values listed in Table 4 , kx for /?-xylene and di-chloroethane is estimated.
For example, kx for^-xylene^3.79 (for benzene) X (ratio of molar volume)=2.75 mmol/g and 2.87 from fci for toluene are obtained. The differences between those figures and the value in Table 5 (2.84) are only theerroris 1 to 6%.
Therefore, the estimation of kl9 based on that of benzeneas reference seemsto be satisfactory. If we start the estimation of kx from the pore volume determined from immersion of MSCinto the pure substance, about 80% of total pore volume seems to correspond to kx.
C onclusi on
Adsorption equilibria were measured at 25°C for Molecular Sieving Carbon-several non-aqueous binary mixtures which consisted of two groups of components. One group included organic reagents small enoughto enter the micropores of MSCand the other group was rejected by the micropores.
Individual isotherms qx and q2 were found to be expressed by Freundlich equation, namely qx=kxxa and q2=k2(\-xY, and suitable sets of constants in the equations kl9 a, k2 and /3 were determined from a computational work based on the data of bi-component equilibria. a and /3 were found to be 0.42 and 1.00, respectively, and kx and k2 were determined to be pertinent to the first and second group components, respectively.
VOL. 10 NO. 4 1977 (Composite isotherm was calculated using the values in Table 4 .) Fig. 2 Comparison of observed composite isotherms along with calculated individual isotherms, and graphical determination of qu and qla Estimation of k± for new first group components on the basis of molar volume ratio and taking k2 for benzeneas a reference gave satisfactory results.
Since twenty data points were obtained for each system, twenty values of k± and a, respectively, were chosen between 1 and 20with the same interval (0, 1, 2, ---) . Then using 20x 20=400 set of(ku a), calculation was performed to determine the optimum set of (ku a, k2, P) which gave a minimum variance, S («o(*O -*)/tt*observed -^{Xq -x)/mcaiculated)2.
Next, twenty intervals (0.1 in this step) was given for the above-mentioned values of k±±l and a±l, respectively, the same calculation as above was repeated using the data and Eq.(2).
The calculation was stopped when the accuracy of the calculation did not show any improvement with decrease in the order of magnitude of the parameters.
